Paramedic practice in Australia has evolved significantly over the past 20 years. With the expansion of the paramedic scope of practice and pending registration, there is a need to determine what is known about continuing professional development (CPD) for paramedics.
Introduction
According to the Allied Health Profession Project (1) continuing professional development (CPD) can be defined as 'a wide range of learning activities through which professionals maintain and develop throughout their career to ensure that they retain their capacity to practice safely, effectively and legally within their evolving scope of practice' (p.9). Continuing professional development can be used to update skills or knowledge, or introduce new skills or evidence-based practice into the profession (2, 3) . The importance of CPD for general practitioners and the associated benefits was demonstrated by Tulinius (4) through a range of teaching approaches that incorporated written material, supervision, the use of electronic portfolios and teaching days. Participants in the 'multi-method intervention study' (p.416), described both personal and professional gains, noting that the supervision sessions were the most beneficial medium of CPD (4) . In a methodical discussion of the benefits, barriers and approaches to CPD for paramedics, Martin (2) emphasises that 'fundamentally CPD in ambulance services is about producing improved, competent practitioners to benefit patient care' (p.1).
Paramedicine has undergone significant changes and advancement in both education with the move to the university sector (5) , and ongoing clinical advancement (6) , especially in the past 20 years (5) . In Australia, registration is anticipated to come into effect in 2018 however the current notable absence of registration for paramedics appears to impact both the delivery and participation in CPD. Notably, it is suggested that there is both inadequate service delivery of CPD for paramedics (12) and resistance to self-directed education (2,13) expressed by paramedics. By contrast, where a health profession is registered, there is a requirement that each clinician undertakes CPD in order to maintain currency of practice (7, 8) .
Martin (2) makes the case that CPD should be an essential part of clinical practice within the health care setting, which aids in the maintenance of competence and dissemination of new information into the clinical setting. He argues that CPD requires investment from both the employer and the paramedic; the employer creates the learning environment and the practitioner assumes ownership over their own learning (2) . If CPD is to be an essential part of paramedic professional practice, then it is worth reviewing all prior research into this topic.
This systematic literature review aims to describe what is known about CPD for paramedicine.
Methods
A search of the databases was undertaken to identify any studies that investigated ongoing professional development for qualified paramedics. Literature discussing undergraduate curricula or pre-employment training was excluded and only studies that contained qualitative or quantitative data were included. Full inclusion and exclusion criteria are presented in Table 1 . ERIC, MEDLINE COMPLETE and CINAHL databases were searched using search terms that included 'ambulance' and 'paramedic' combined with terms that included 'professional development', 'competency' or 'continuing education'. Table 2 lists the key search terms used.
Results

Article selection
A combination of all of the searches yielded 875 citations. Duplicate articles were removed. Application of the inclusion/ exclusion criteria to title and abstract reduced the remaining citations to 20. Full text articles for the remaining publications were closely reviewed, and a further 12 publications were excluded. Figure 1 outlines the process undertaken to reduce the search yield through the application of the inclusion/ exclusion criteria.
The eight articles were heterogenous in design. Two articles presented qualitative studies such as focus groups and interviews (13, 15) . The remaining studies presented predominantly quantitative data. There were two retrospective reviews through the use of patient care records (10, 12) , one study which analysed patient care records both pre-and posteducation to evaluate the intervention (16) , two surveys, one of which also included some qualitative questions (11, 14) and one study which utilised both data runs and a pre-and postintervention survey (17) . In four of the included studies, the researchers trialled an educational intervention for paramedics (14) (15) (16) (17) , a further two articles focused on clinical exposure and skill competency (10, 12) , and the remaining two articles explored paramedics' perceptions of a previously delivered education program (11, 13) .
Discussion
This discussion presents themes arising from the collected studies, followed by a consideration of the study limitations as well as limitations associated with this review.
Identified benefits of CPD for paramedics
Seven of the eight articles reviewed indicated that participants gained personal or professional value in undertaking CPD (10) (11) (12) (13) (14) (15) 17) . Brink (15) utilised a structured group supervision platform to promote CPD through the active participation of nurses and emergency medical technicians in problem solving complex professional scenarios. Participants were first presented the situation and then invited to explore the complexities, challenges, thoughts, feeling and solutions within a small focus group (15) . Participants in the study reported benefits such as the development of a number of non-technical skills, including 'competence, compassion, confidence, conscience and commitment in their encounters with patients and colleagues' (8, p.81).
French (17) conducted an educational intervention on pain management for paramedics to determine if clinical knowledge and or management improved following the CPD. The identified benefits of the educational intervention included; improvements in documentation, nonpharmacological patient management, and statistically significant improvements in theoretical knowledge through the paramedics participation in CPD (17) .
The need for structured, frequent CPD in order to maintain skill competency was demonstrated by Deakin (12) who reviewed the high risk prehospital clinical intervention, endotracheal intubation. Deakin (12) examined patient care records from the Hampshire Division of the South Central Ambulance Service (United Kingdom) to review the frequency, success rate and maintenance of skill competency for endotracheal intubation among paramedics. Deakin's (12) results demonstrated that CPD and reaccreditation processes are required to maintain safety and competency of clinical practice in order to supplement the inadequate clinical exposure reported in the study (12) . A concern he raised after reporting that the 'median number of intubations per paramedic during the 12-month period was 1.0' (p.889) and that the initial training for paramedics was far inferior than the junior anaesthetists whom perform the same skill in a far more controlled environment (12) .
Impact of CPD on paramedic practice
Five articles sought to evaluate educational programs to identify the impact of CPD on paramedic knowledge or performance (13) (14) (15) (16) (17) . Three of the five articles reported benefits of improved practice and/or knowledge through participation in CPD (14, 15, 17) . The sole objective of the research undertaken by Brink (15) was to trial group supervision as an opportunity for personal and professional development. Notably, paramedics reported this teaching approach facilitated the development of non-technical skills and was especially beneficial for the novice paramedic (15) . Electronic searches of ERIC, MEDLINE COMPLETE and CINAHL using a combination of search terms outlined in Table  2 Total citations retrieved 875
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Key terms
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Eight remaining articles included in literature review
Gent: CPD for paramedics: A systematic literature review Australasian Journal of Paramedicine: 2016;13 (4) Another article explicitly evaluated a CPD program for paramedics in Ireland and demonstrated both short and medium term knowledge improvements in study participants (14) . Three papers identified a need for CPD to maintain currency and safety of practice, demonstrating that CPD is required for paramedics to maintain clinical competency and or knowledge (12, 14, 17) . Only one study failed to demonstrate clear benefits of CPD through a lack of statistically significant findings post-educational intervention (16) . Among other design flaws which may have attributed to the lack of clinical improvement reported, the study design separated the control and intervention group based on geographical location, leading to potential 'confounding from possible external influences on outcomes' (16, p.834). By contrast, the studies that reported improvements in practice through participation in CPD, recruited participants from the same operational area, therefore eliminating the potential of operational differences. None of the articles reviewed disputed the benefits of CPD for clinical practice.
Is clinical exposure sufficient to maintain competency in paramedicine?
Two of the eight publications explored the 'dilution' affect of the paramedicine climate on clinical competence (10, 12) , and a third study identified long periods of 'standby' as a contributor to the de-skilling of paramedics (13) . Vrotsos (10) study results demonstrate that operational paramedics infrequently perform high-risk skills and that 'critical care benchmarks is inversely proportional to the number of practising paramedics' (10, p.306). This finding was echoed by Deakin (12) who concluded that the limited exposure to the skill of endotracheal intubation in the clinical setting is unlikely to be sufficient to maintain clinical competency. Deakin (12) reported that almost 50% of paramedics included in the study had not performed a single intubation in the 12-month study period. Deakin (12) presented literature suggesting that the greater the number of intubations performed by a paramedic, the greater the success rate. These findings demonstrate that clinical exposure is unlikely to be sufficient to maintain competency and both Deakin (12) and Vrotsos (10) present compelling arguments for additional training and theatre placements, and more closely reviewed clinical benchmarks respectively.
Current CPD practices
Clinical practice updates and reaccreditation requirements were mentioned in four of the eight publications reviewed. Reported requirements varied, one study noted that there 'are statutory requirements that training be provided' (p.29) however there was no specified frequency (14) . Other papers varied from biannual reaccreditation (10) to 'annual updates and a reaccreditation program at least every 5 years' (9, p.377). Seven of the eight papers highlighted the importance of CPD for qualified paramedics (10) (11) (12) (13) (14) (15) 17) and one, with reference to endotracheal intubation, explicitly stated that the 'ongoing exposure to this skill is extremely limited and is not supplemented adequately by continuous professional development programmes within ambulance trusts' (12, p.891). The only study that made specific recommendations about the reaccreditation process was the study undertaken by Vrotsos (10) , who suggested that the current biannual refreshers were inappropriate and that 'time' should not dictate reaccreditation as it does not guarantee competency. In addition to this, he argued that annual clinical benchmarks are a more appropriate method of ensuring practitioner competency (10) . None of the articles proposed a clear plan for the delivery of professional development for paramedics. Furthermore, only one article touched on the financial implications of professional development but did not address this in detail (14) .
The learner's responsibility
One of the eight studies reviewed presented a focus on the 'learner's responsibility' Cooper (13) explored the concept of the learner's responsibility in professional development, a recognised challenge in paramedicine (2).. Paramedics have traditionally relied upon their managers to provide their continuing education and have failed to take responsibility for their own learning (2). The research undertaken by Cooper (13) highlighted the challenge for paramedics to take ownership over ongoing CPD. This paper supports the notion that there is a need for improved CPD to improve skill competence and clinical knowledge, however there is also a need for a cultural shift to drive CPD through the individual learner.
Future of CPD for paramedics
All eight publications made suggestions that could be included into future CPD delivery for paramedics. Among the recommendations was the incorporation of practical learning (14) , group supervision as a mode of education (15) , the use of paramedic clinical team leaders to disperse education in the ambulance service (16), learner ownership over professional development (13) , and the inclusion of operational paramedic perceptions in the review of protocols, standards and education curriculum design (11). Vrotsos (10) presented a strong case for the need to 'establish benchmarks for the high-difficulty technical skills' (p. 305), suggesting that annual benchmark thresholds should be required of paramedics to ensure clinical competency is maintained. Furthermore 'that a multifaceted approach should be considered for maintaining provider competency, especially when it comes to low-frequency, high patient harm potential, and high difficulty technical skills' (p.306).
Publication limitations
Low participant numbers (15), poor survey return rate (11, 14) and the use of assessment tools or processes which had not been previously validated (11, 17) were among the limitations of the publications presented. Additionally none of the eight publications included participants beyond the country of origin (10) (11) (12) (13) (14) (15) (16) (17) and four of the studies were limited to a single ambulance service provider (10, 13, 15, 16) .
Study limitations
English language restrictions may have excluded relevant papers. Publications for paramedics are not necessarily indexed in major databases. Paramedicine practice and culture may vary globally so it is difficult to draw context independent conclusions regarding professional development needs.
Conclusion
This literature review reported on the studies into CPD for paramedics. There is a limited volume of pre-hospital research as noted in the number of publications included, especially around professional development through continuing education for paramedics and there are noted flaws in some of the studies. Seven of the eight publications reviewed demonstrated personal or professional benefits of partaking in CPD for paramedics, only one study failed to yield statistically significant results to demonstrate the importance of CPD. These studies provide evidence that clinical exposure and current reaccreditation processes are not sufficient to maintain currency and competency of clinical practice due to periods of standby, reduced exposure to critically ill patients, and decreased opportunity to perform high-risk skills. One publication argued that supplemental professional development and reaccreditation is required to ensure successful skill execution. The current CPD delivered by the ambulance services has been reported as insufficient and there is a need for a more structured, consistent delivery of ongoing education, and for paramedics to take ownership over their own professional development in order to ensure clinical competency is maintained. This literature review highlights the need for further research into CPD methods, delivery and frequency for paramedics.
Data was extracted from each of the selected eight papers under the following headings (as adapted by Miller (9) Article
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Study aim
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